A scalar gravity model is developed according the geometric conventionalist approach introduced by Poincaré [14, 27, 29, 16] . In principle this approach allows an alternative interpretation and formulation of General Relativity Theory (GRT), with distinct i) physical congruence standard, and ii) gravitation dynamics according Hamilton-Lagrange mechanics, while iii) retaining empirical indistinguishability with GRT. In this scalar model the congruence standards have been expressed as gravitationally modified Lorentz Transformations (GMLT), due the introduction of isotropic scaling functions Φ (r) n , 0 ≤ Φ (r) ≤ 1, with power n depending on the considered physical quantity [7] . The first type of these transformations relate quantities observed by gravitationally affected (natural geometry) and unaffected (coordinate geometry) observers and explicitly reveal a spatially variable speed of light (VSL). The second type shunts the unaffected perspective and relates affected observers, recovering i) the invariance of the locally observed velocity of light, and ii) the local Minkowski metric [8] . In the case of a static gravitation field the model retrieves the phenomenology implied by the Schwarzschild metric. The case with proper source kinematics is described by introduction of a sweep velocity field w: the model then provides a hamiltonian description for particles and photons in full accordance with the first Post-Newtonian (1-PN) approximation of GRT [33, 34] . This requires the implementation of Poincaré's Principle of Relativity, i.e. the unobservability of 'preferred' frame movement [26, 19, 31, 17] . This principle fixes the amplitude of the sweep velocity field of the dynamic source (or the 'vector potential' ζ, [33]), and subsequently renders numerically exact the 1-PN limit of GRT. In spite of the 1-PN equivalence with GRT, the model does not satisfy the Weak Equivalence Principle in the gravitationally affected perspective. A critique of the model is made concerning its present scope, i.e. weak field GRT. Its merits in terms of Lorentz-Poincaré-type intuitive interpretation are explained (e.g. for 'frame dragging', 'harmonic coordinate condition').
Introduction
Poincaré's conventionalism of geometry is used to model gravitation as a combined process of classical gravitational dynamics and a physical effect on space and time measurement [7, 8] . Poincaré's conventionalism of geometry in gravitational physics purports the possibility to compensate the adopted basic geometry with a conjugated gravitational dynamics and congruence standard [27, 14, 16] . These models thus attempt an alternative metrization of the standard intrinsically Riemannian foundation of GRT [13] , mainly to extend elements of the Lorentz-Poincaré interpretation of SRT to GRT. Similar to precursor theories of gravitation [10, 11, 12, 2, 1] , our model subjacently incorporates a spatially variable speed of light (VSL) 1 but maintains the invariance of the locally observed velocity of light and local Lorentz symmetry. This is obtained by distinguishing the perspectives of gravitationally affected observers S ′ (natural geometry) and the unaffected observer S 0 (coordinate geometry). These perspectives are related by gravitationally modified Lorentz transformations (section 2). The gravitation model, previously developed till the Schwarzschild configuration [8] (section 3), is now extended to configurations with proper source kinematics. Source kinematics alters the effective dynamical velocity of a test particle. The source's resultant sweep velocity field will express the quantitative amount of source relative movement compared to 'preferred' frame-relative velocity of the test particle (section 4). The perturbation development of the acceleration till fist order in the sweep velocity will formally recover the Post-Newtonian expression of the acceleration in the same limit of GRT (subsection 4.1), while the implementation of the Poincaré Principle of Relativity (PPR) will reveal the coincidence numerically exact (section 5). Some discrepancies with GRT and its consequences are commented on; the validity of the Weak Equivalence Principle or 'universality' of free fall acceleration is broken at order O(v ′ 2 /c ′ 2 ) in the affected perspective. Limitation of the scope of the model and some shortcomings are discussed in the conclusion (section 6).
The recent scientific literature accounts of numerous alternative approaches to gravitation. Some have related aspects to our approach, e.g. in the sense of either: variable speed of light models [18, 3, 22] , polarizable vacuum models [28] , scalar gravitation models [4, 5, 15, 23] and, field conceptions of gravitation [32, 9] .
The physical congruence standard and observer relations
The physical congruence standard in the gravitational field is simply modeled by supposing that it causes and isotropical scaling affectation, in line with the basic premiss of Poincaré's geometric conventionalism. The gravitational affectation at position r is given by the function Φ (r), 0 ≤ Φ (r) ≤ 1, as the ratio of a space interval observed by the gravitationally unaffected S 0 with coordinate geometry, and the same infinitesimal interval as observed by gravitationally affected observer S ′ . The inverse relation is supposed to hold true for infinitesimal time intervals:
These congruence relations do not allow invariance of e.g. the velocity of light in both the affected S ′ and unaffected S 0 perspectives. In the physical perspective of the affected observer S ′ the invariance of the locally observed velocity of light c ′ is secured by imposing specific spatial variability in the unaffected perspective of observer S 0 :
The gravitational congruence standard (1), with kinematical affectation γ and light synchronization (e.g. [21] ), lead to the full congruence standards in the form of gravitationally modified Lorentz Transformations between affected and unaffected observers [7, 8] . The space-time GMLT S 0 to S ′ and the inverse GMLT S ′ to S 0 -thus both of the first type-with relative frame velocity u are given by:
with γ (u) and u satisfying:
The velocity in affected and unaffected perspective is related according:
The acceleration transformation, between affected and unaffected perspective, is obtained by time derivation of the velocity relation. Till order O(u 2 , uv 2 /c 2 ), this relation is given by:
where we used the contravariant space-time GMLT, S ′ to S 0 for gradient operators:
and till required order :
In addition to the GMLT of the space-time congruence standards, distinct momentum-energy GMLT between S 0 to S ′ and the inverse GMLT S ′ to S 0 were obtained:
In this model mass depends on location in the gravitational field, in line with a Machian effect. The momentum, energy and mass expressions attributed by S 0 are:
Thus for particles and photons -in the static field configuration-in the perspective of S 0 , the model attributes respectively the hamiltonian energy expressions:
The transformation relation between two affected observers is denoted a second type GMLT, in order to distinguish it from GMLT's between affected and unaffected perspective now denoted first type. These transformations where extensively developed in previous work [8] . The second type GMLT between S The second type GMLT can be applied in the verification of the gravitational effects in the affected perspective, i.e. in terms of observable variables. These relations also describe the resulting 'curved' metric due the affectation of measuring rods and clocks. The development of mechanical problems does however not necessitate the exclusive affected perspective approach: solutions can be derived in the unaffected S 0 perspective and subsequently transformed by a first type GMLT into the affected perspective S ′ . In fact this corresponds to the common practice in GRT, where the dynamics is expressed in coordinate space perspective, corresponding to S 0 . While these results should be transformed again to local coordinates (corresponding to S ′ ), this is usually not done because local coordinates do only interfere at higher order relative to the post-Newtonian approximation (e.g.
[ [30] ], 142). Adopting that same strategy to our present aim, the PN equivalence of the present model with GRT will be established in the coordinate perspective of S 0 . Exceptionally the implementation of the Poincaré Principle of Relativity (PPR) will require a transformation to the affected perspective (section 5)
Static gravitational field: the Schwarzschild configuration
The physical content of the model is ultimately fixed by adjusting the model to the Newtonian limit. The static field equation for Φ is obtained from the Newtonian energy fit, and corrected for affected 2 By defining the scaled quantities relative to
, the breach of the second postulate is
. The second postulate is restored locally with
perspective of the observer [8] .
For a Schwarzschild configuration of a spherically symmetric source of radius R and mass M :
The closed form Φ(r), developed at O(κ 3 /r 3 ), adequately reproduces the GRT results for i) the deflection of light by the sun, ii) the precession of orbital perihelia, iii) the gravitational delay of radar echo, and in S ′ perspective; iv) the gravitational redshift of spectral lines. These results can in fact be resumed by rendering the PN expression for the acceleration. For particles the acceleration relative to S 0 is given by:
Which is in accordance with the PN acceleration of GRT in static configuration ( [33] , eq. 9.5.3). Using the acceleration transformation (6, u ′ = 0) and gradient operator GMLT (7) the acceleration attributed by the affected fixed observer is given by:
The effect of kinematic dependence of acceleration is common to theories with dependence of mass on gravitational potential [24, 25, 6] . In general the velocity-directional component of the acceleration vanishes on averaging over the solid angle of a mass, while the effect of the squared amplitude of velocity would not. The description of Eötvös torque experiments would therefor infer an effect for contrasting masses with different average amplitude v ′ 2 /c ′ 2 , i.e. proportional to temperature. The present model does therefor predict a small but manifest deviation from the WEP in affected perspective. The photon acceleration can be obtained from the photon Hamiltonian (13, b):
This expression is the usual 1-PN photon acceleration of GRT -till order O(∇ϕ 3 ) -in the statical configuration ( [33] , eq. 9.2.6 and eq. 9.2.7 with correction factor 2) Photon accelerations in affected and unaffected perspective are again related by (6, 
In the affected perspective of S ′ the photon acceleration (18) becomes in order O(ϕ 2 ) :
endorsing the view that in the affected perspective of S ′ light curves but does not change velocity amplitude in a gravitation field.
Dynamic gravitational field
In the static configuration the affected fixed observer is considered at rest to the gravitational source, and the velocity of the test particle is considered relative to the source. In the dynamic configuration the source has a proper movement relative to some 'preferential' frame and -in our model-causes a sweep velocity field, denoted w, relative to that frame. A test particle has an associated velocity composed of its dynamical velocity v relative to the 'preferred' frame and the sweep velocity at its location due the moving source. We consider 'preferred' the attribute of any given frame relative to which the source has a velocity. Evidently the description of dynamics of a test particle in the field relative to the co-moving affected observer should coincide with a stationary field description, i.e. that is what the Poincaré Principle of relativity should imply in strict sense. First we should verify whether the sweep velocity field renders the phenomenologically required acceleration expressions of the PN approximation of GRT for dynamic sources. Subsequently these expressions should be transformed from the preferred frame to a relatively source stationary observer by GMLT, and following the PPR verify whether indeed the static acceleration expression (16) is retrieved.
According the unaffected observer S 0 , a particle or photon in the field of a moving source is considered to evolve dynamically by effective velocity v eff :
To order O(w), there is no physical claim to endorse the Galilean composition (22) other than the conception that the sweep velocity adds up classically to the preferred frame movement. In the following there will be no other mathematical requirement beyond order O(w 2 ). The precise nature of v w ⊖ w to higher order will depend on the cosmological model and the gravitational field equation. Notice then the velocity of light relative to S 0 will similarly depend on the sweep velocity field. In the affected perspective there remains of course the fact that the velocity of light is the maximal velocity of physical phenomena, thus causing no tachyonic implications 3 . In order to obtain a sweep velocity 4 field with the required characteristics: i) proportionality to source momentum density Π, ii) attenuation with inverse distance 1/r to source, such that the ϕ-averaged velocity relative to the source results; w ≈< ρ(r * )v r,r * /|r − r * | > . This is obtained by letting w satisfy, by hypothesis, in first approximation:
In this approximation kinematic and gravitational affectation of the source, propagation retardation, and field momentum density are ignored. The numerical parameter λ expresses the relative amplitude of source-related and background-related movement. Closer to the source its effect dominates, and the test mass is moving increasingly relative to the rest frame of the source instead of the rest frame of the universal expanse. This 'competition' between the frames of source and background should be correctly quantified (section 5). For a rigid source in linear motion the approximated equation (23) for the sweep velocity field solves to:
where ϕ is given by (14, c). In the given approximation, a linearly moving source is enveloped by a parallel velocity field with inversely proportional distance attenuation.
Dynamics relative to moving source
The hamiltonian expression with its momentum definitions in the sweep velocity field can be obtained considering the effect of the sweep velocity as a kinematic boost on the particle. The introduction of the supplementary time dependent field in the dynamics will evidently not secure the conservation of energy in the test-particle case. The particle's energy is dependent on the time-variable potential and will potentially increase or decrease depending on the source movement. The composition of energy and momentum in the velocity sweep field will again be approximated till first Galilean order (22) 5 :
From the perspective of S 0 the sweep field enters as a 'vectorial potential', not a dynamical variable. An unscaled observer, S w , in Galilean translation relative to S 0 by frame velocity equal to w, will accord 3 The kinematical affectation factor γ ≡ (1 − v 2 ef f /c 2 ef f ) −1/2 , with c ef f = c + |w| 4 Three velocities related to the gravitational field are distinguished: i) transmission velocity of a change in the field Φ(r, t), presumably at c(r), ii) field translation velocity due the source velocity, causing the variation of the field at a fixed position relative to the preferred frame, proportional to − ∂tΦ |∇Φ| 1 ∇Φ , and iii) the sweep velocity or distance-attenuated field translation velocity w 5 The subscript 0, for quantities related by S 0 , is added in order to simplify the present reasoning.
energy and momentum to a particle following the stationary field expressions:
while for photons:
The energy in terms of velocity v 0 is given by
This expression allows to discern and isolate the effect of the sweep velocity. The hamilton description relative to S 0 uses therefor the momentum p w as dynamical variable. It is, for E w as Hamiltonian, not the conjugate variable of v 0 but of v w relative to S w . Thus S 0 describes the mechanical configuration in the sweep velocity field w, till O(w 2 ), setting E w = H and p w = p conjugate to the velocity v:
For photons the description in the velocity sweep field, with c 0 = c w ⊖ w, |c w | = c, till O(w 2 ) leads to the Hamiltonian:
Where we have indicated by index c that v c is the velocity of light, with v c ≡ c w , relative to S w .
Particle dynamics A test body in in a dynamical gravitation field evolves according the Hamiltonian at O(w 2 ) (29). This leads to the classical mechanical equations:
As we mentioned above, only for stationary sweep velocity fields, e.g. from a rotationally symmetric source with constant rotation, no energy transfer between particle and sweep velocity field will occur.
and gravitational force (31), the expression for the acceleration, till O(w 2 ) and O(κw) is readily obtained:
This is formally equivalent to the PPN of GRT ( [33] , eq. 9.5.3), till O(κ 2 ), O(v 2 /c 2 κ), if the "vector potential" ζ equals minus the sweep velocity field ζ = −w ( [33] , eq. 9.1.61). The precise equivalence with GRT will be obtained after implementation of the PPR, then w will be shown to satisfy the same equation as the vector potential ζ. The ensuing phenomenology for material particles and dynamic sources is thus found equivalent, till
Photon dynamics The mechanical description for systems with zero rest mass is done in the same manner. Using the photon Hamiltonian (30) in the velocity sweep field the mechanical equations give:
Remark that v c = c + w.1 vc + O(w 2 ) and
The velocity-momentum (direction) relation can be inverted and using eq (37),ṗ p = 1 p .ṗ p , and,ẇ = ∂ t w + (v c .∇)w, the photon acceleration till O(w 2 , wφ) is obtained:
and till O(w 2 , wφ, ϕ∇w, ∂ t ϕ 2 ) it is given by:
In order to compare the correspondence with the PN expression of GRT for photon acceleration, we extend Weinberg's approach to the post-newtonian development ( [33] , eq 9.2.6) by including in the acceleration equation ([33] , eq 9.1.2) the higher order terms ( [33] , eq 9.1.68, eq 9.1.69, eq 9.1.71, eq 9.1.73):
In Weinberg's notation; c = 1, the photon velocity is u, and has amplitude |u| = 1 + 2φ + O(v 3 ). It can be easily shown that for w = λuϕ (our velocity notation) and ζ = αvφ (Weinberg's velocity notation, α ≡ 4), both expressions (41) and (42) precisely correspond, e.g.:
Thus λ = −α or w = −ζ for correspondence between GRT and the GMLT approach. We will although fix the amplitude λ of the sweep velocity by implementation of the Poincaré Principle in order to retrieve the 1-PN correspondence with GRT, for particles and photons alike.
5 Affected perspective dynamics and the Poincaré Principle.
Due the Poincaré Principle the mechanical description of a test system in a stationary field of an as such observed source should reveal no elements of movement relative to a preferential frame. Thus by application of the GMLT between an observer of a dynamical configuration and an observer of the same in a statical observation, all kinematical reference to the preferred frame should disappear. The invisibility of the preferred frame for the 'stationary' observer is done by λ-adjustment to the sweep velocity of the source. Since the stationary observer is at rest relative to the source, the frame velocity is equal to the source velocity according to S 0 . For the present purpose we suppose the source is not accelerating relative to S 0 . The acceleration of a particle or photon in the unaffected perspective of S 0 is dependent on the movement of the source relative to the preferred frame (of S 0 ). This acceleration can be easily brought into the affected perspective of the relatively stationary observer S ′ by their mutual acceleration relation. The velocity relation is valid for effective velocities, we must therefor include the effect of the sweep field velocity on v, c and, u in the S 0 to S ′ GMLT relations. The adjusted mutual velocity relation (5) till required order then becomes:
The acceleration relation between S 0 and S ′ , co-moving with source, is obtained by time derivation and expressed in terms of S ′ , withu = 0: (47) where
Particle dynamics and PPR
The acceleration a (40) expressed in terms of S ′ , again using (8 a, 8 b, 9) , is given by:
Then a ′ in the perspective of S ′ , using acceleration transformation (47 or in this case of approximation 6) and the previous reformulated expression of a, is given by:
The Poincaré Principle thus requires λ = −4, all reference to movement u ′ relative to the 'preferred' frame is then erased. The affected observer S ′ then attributes to the particle the acceleration as if in the stationary case (17) . The Poincaré Principle satisfied, the sweep velocity is normalized at w = −4uϕ = 4u κ r . The 1-PN of GRT (36) is now retrieved exactly because w formally and quantitatively satisfies the field equation (23) of the "vector potential" ζ of GRT ( [33] , eq. 9.1.161).
Photon dynamics and PPR The photon acceleration in affected and unaffected perspective are related similarly by eq (47). In the affected perspective we should retrieve the static description, i.e. expression (20) . The photon acceleration a given by (40), and expressed in the perspective of S ′ to required order O(u ′ 2 ∇ϕ) is given by:
Again, a ′ in the perspective of S ′ , using acceleration transformation (47) is found:
Thus λ = −4 eliminates the final bracket with reference to the prefered frame movement. The PPR can thus be succesfully implemented till order O(u 2 ), both for particles and photon dynamics.
Interpretation and conclusions
In terms of interpretation the presented scalar gravitation model has the advantage of retaining a classical ontology of gravitational force mechanics in a flat metric space. While the construction requires a number of consistent hypotheses -GMLT, VSL, PPR-their nature is proper to a Lorentz-Poincaré approach to gravitation. Two examples of geometric features interpreted physically in terms of the present scalar model show the interpretational merits of our model. Ex. 1) The derivation of PN expressions in GRT requires the posing of the harmonic coordinate conditions in order to constrain the degrees of liberty of the GRT field equations. The time-component of the harmonic coordinate condition (in weak field approximation, O(∇ϕ 2 )) ( [33] , eq. 9.1.66) in S 0 perspective becomes, in view of the relation between ζ and u:
Expressing precisely that the observer S ′ (or S ′ u ) is at rest relative to the moving source. Or, taking into account the transformation for gradient operators (7) the time-component of the harmonic coordinate condition is satisfied in the affected perspective when ∂ t ′ ϕ = 0. Ex.
2) The Lense-Thirring effect [20] , or 'frame dragging', of an orbiting system due a rotating source is interpreted in GRT as a local deformation of the space-time continuum. In the present model the equivalent effect is easily obtained. Let ρ = ρ(r ′ ) and Ω ′ fixed , r > R, and J be the angular momentum of the source, then the resultant sweep velocity field according (23) (cfr [33] , eq. 9.5.18):
With orbital momentum L ≡ r × p, the hamiltonian energy expression (29) , can be re-expressed with coupling of source angular momentum J and orbital momentum of testbody L till O(J 2 ):
Straightforward development of the hamiltonian principle then leads to the first acceleration correction (a 1 ) of GRT at O(v∇ϕJ/r 2 , vv 2 /c 2 J/r 3 ):
These terms precisely cause the 'frame dragging' of the particle frame in geometrodynamic interpretation, while in the present scalar model the effect is merely caused by the sweep velocity field due the rotating source.
The interpretation of the gravitational effects thus conservatively extends the ontology of Lorentz-Poincaré interpretation of SRT. The scalar Lorentz-covariant model is based on a consistent scaling of physical quantities in line with Poincaré's geometric conventionalism with physical congruence standards. The model thereby introduces two levels of description: gravitationally affected observation (or scaled) versus gravitationally unaffected observation (or unscaled). The appropriate gravitationally modified Lorentz Transformations (GMLT's) relate both, affected and unaffected observations, and distinctly affected observations. As required by the geometric conventionalist principle, the gravitational phenomenology of GRT needs to be reproduced. This was realized till the first Post-Newtonian expressions of GRT in coordinate perspective. Whether the Poincaré Principle of Relativity can be successfully implemented beyond O(u 2 ) needs to be studied in later work: is at higher order the mutual destruction of terms rigorous and absolute as was hypothetically advanced by Poincaré ([26] , p. 183)? More poignant is the model's invalidation of the weak equivalence principle in the affected perspective. The theoretical derivation of which can not be discarded in the GMLT scheme: the acceleration relations between affected and unaffected perspectives do consistently endorse the Poincaré Principle of Relativity. In the presented work the model ignored gravitational propagation, source acceleration, etc. Some of these matters will be covered in upcoming work.
